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(54) A method of applying a coating to a metallic article and an apparatus for applying a coating 
to a metallic article 



(57) A method of applying a coating to a metallic ar- 
ticle (10) comprises placing the metallic article within a 
hollow cathode (38) in a vacuum chamber (30), evacu- 
ating the vacuum chamber (30), applying a negative 
voltage to the hollow cathode (38) to produce a plasma 
and such that the material of the hollow cathode (38) is 
sputtered onto the metallic article (1 0) to produce a coat- 
ing (22). A positive voltage ( V1 ) is applied to the metallic 
article (10) to attract electrons from the plasma to heat 
the coating (22) and so inter-diffuse the elements of the 
metallic article (10) and the protective coating (22) and 
a negative voltage (V2) is applied to the metallic article 
(10) to attract ions from the plasma to bombard the coat- 
ing (22) to minimise defects in the coating (22) . 
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Description 

[0001] The present invention relates to a method of 
applying a coating to a metallic article, particularly to a 
method of applying an environmental protective coating 
and/or a thermal barrier coating to a metallic article. 
[0002] Environmental protective coatings include alu- 
minide coatings, platinum coatings, chromium coatings, 
MCrAlY coatings, silicide coatings, platinum modified 
aluminide coatings, chromium modified aluminide coat- 
ings, platinum and chromium modified aluminide coat- 
ings, silicide modified aluminide coatings, platinum and 
silicide modified aluminide coatings and platinum, sili- 
cide and chromium modified aluminide coatings etc. 
Aluminide coatings are generally applied by the well 
known pack aluminising, out of pack, vapour, aiuminis- 
ing or slurry aluminising processes. Platinum coatings 
are generally applied by electroplating or sputtering. 
Chromium coatings are generally applied by pack 
chromising or vapour chromising. Silicide coatings are 
generally applied by slurry aluminising. MCrAlY coat- 
ings are generally applied by plasma spraying or elec- 
tron beam physical vapour deposition. 
[0003] Thermal barrier coatings include yttria stabi- 
lised zirconia and magnesia stabilised zirconia etc. 
Thermal barrier coatings are generally applied by plas- 
ma spraying or electron beam physical vapour deposi- 
tion. 

[0004] Accordingly the present invention seeks to pro- 
vide a novel method of applying a coating to a metallic 
article. 

[0005] Accordingly the present invention provides a 
method of applying a coating to a metallic article com- 
prising providing a sputtering chamber having a first hol- 
low cathode, the first hollow cathode comprising a ma- 
terial to form a protective coating, placing the metallic 
article within the first hollow cathode, evacuating the 
sputtering chamber, applying a negative voltage to the 
first hollow cathode to produce a plasma and such that 
the material of the hollow cathode is sputtered onto the 
metallic article to produce the protective coating, apply- 
ing a positive voltage to the metallic article to attract 
electrons from the plasma to heat the protective coating 
and so inter-diffuse the elements of the metallic article 
and the protective coating, and applying a negative volt- 
age to the metallic article to attract ions from the plasma 
to bombard the protective coating to minimise defects 
in the protective coating. 

[0006] The hollow cathode material may comprise 
aluminium, platinum, yttrium, chromium, MCrAlY or an 
alloy mixture of any two or more of aluminium, platinum, 
yttrium, chromium or MCrAlY. 

[0007] The hollow cathode may comprise a plurality 
of longitudinally arranged portions, the portions com- 
prise different materials, passing the metallic article se- 
quentially through the hollow cathode portions todepos- 
it layers of different material sequentially on the metallic 
article. 



[0008] The different materials may comprise two or 
more of aluminium, platinum, yttrium, chromium and 
MCrAlY. 

[0009] The method may comprise the additional step 
s of supplying at least one gas into the sputtering chamber 
and applying a negative voltage to the metallic article to 
produce a plasma to clean the surface of the metallic 
article before depositing the protective coating. 
[0010] Preferably the method comprises alternately 
io applying the positive voltage and the negative voltage 
to the metallic article. 

[0011] The method may comprise selecting the mag- 
nitude and the duration of the positive voltage applied 
to the metallic article so that the elements from the pro- 
fs tective coating diffuse into the metallic article. 

[001 2] Alternatively the method may comprise select- 
ing the magnitude and the duration of the positive volt- 
age applied to the metallic article so that the elements 
from the metallic article diffuse into the protective coat- 
ing. 

[0013] The method may comprise supplying a reac- 
tive gas into the sputtering chamber to form a dispersion 
strengthened protective coating. 

[0014] Preferably the hollow cathode may comprise 
one or more projections extending from the hollow cath- 
ode towards the metallic article. 

[0015] Preferably the length of the individual projec- 
tions and/or the spacing between the projections is se- 
lected to produce variations in the thickness of the pro- 
tective coating at predetermined regions on the metallic 
article. 

[0016] Some of the projections may be formed from 
different materials to the remaining projections to pro- 
duce variations in the composition of the protective coat- 
ing at a predetermined region on the metallic article. 
[0017] A transverse portion of the hollow cathode may 
be formed from different materials to the remainder of 
the hollow cathode to produce a variation in the compo- 
sition of the protective coating at a predetermined region 
on the metallic article. 

[0018] Preferably the method comprises the addition- 
al steps of providing a sputtering chamber having a sec- 
ond hollow cathode, the second hollow cathode com- 
prising an inert material, supplying precursor gases into 
the sputtering chamber, the precursor gases being suit- 
able for forming a thermal barrier coating, applying a 
negative voltage to the hollow cathode to produce a 
plasma so that the precursor gases react in the plasma 
and deposit a thermal barrier coating on the protective 
coating. 

[0019] Preferably the method additionally comprises 
supplying at least one gas into the sputtering chamber 
and applying a negative voltage to the metallic article to 
produce a plasma to clean the surface of the protective 
coating before depositing the thermal barrier coating. 
[0020] Preferably the reactive gases comprise zirco- 
nium chloride and yttrium chloride to deposit a yttria sta- 
bilised zirconia thermal barrier coating on the protective 
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coating. 

[0021] Preferably the metallic article comprises a 
nickel superalloy, a cobalt superalloy or an iron super- 
alloy. 

[0022] Preferably the metallic article comprises a tur- 
bine blade or a turbine vane. 

[0023] A further method of applying a coating to a me- 
tallic article according to the present invention compris- 
es the steps of providing a sputtering chamber having 
a hollow cathode, the hollow cathode comprising an in- 
ert material, supplying precursor gases into the sputter- 
ing chamber, the precursor gases being suitable for 
forming a thermal barrier coating, applying a negative 
voltage to the hollow cathode to produce a plasma so 
that the precursor gases react in the plasma and deposit 
a thermal barrier coating on the metallic article. 
[0024] Preferably the method additionally comprises 
supplying at least one gas into the sputtering chamber 
and applying a negative voltage to the metallic article to 
produce a plasma to clean the surface of the metallic 
article before depositing the thermal barrier coating. 
[0025] Preferably the reactive gases comprise zirco- 
nium chloride and yttrium chloride to deposit a yttria sta- 
bilised zirconia thermal barrier coating on the metallic 
article. 

[0026] Preferably the method comprises applying dif- 
ferent negative voltages to the hollow cathode to pro- 
duce layers in the thermal barrier coating which have 
different structures. 

[0027] Preferably the metallic article comprises a 
nickel superalloy, a cobalt superalloy or an iron super- 
alloy. 

[0028] Preferably the metallic article comprises a tur- 
bine blade or a turbine vane. 

[0029] Preferably the method comprises depositing a 
bond coating on the metallic article before depositing the 
thermal barrier coating. 

[0030] The present invention also seeks to provide a 
novel apparatus for applying a coating to a metallic ar- 
ticle. 

[0031] Accordingly the present invention provides an 
apparatus for applying a coating to a metallic article 
comprising a sputtering chamber having a first hollow 
cathode, the first hollow cathode comprising a material 
to form a protective coating, means to evacuate the 
sputtering chamber, means to apply a negative voltage 
to the first hollow cathode to produce a plasma and such 
that the material of the hollow cathode is sputtered onto 
the metallic article to produce the protective coating, 
means to apply a positive voltage to the metallic article 
to attract electrons from the plasma to heat the protec- 
tive coating and so inter-diffuse the elements of the me- 
tallic article and the protective coating, and means to 
apply a negative voltage to the metallic article to attract 
ions from the plasma to bombard the protective coating 
to minimise defects in the protective coating. 
[0032] The hollow cathode material may comprise 
aluminium, platinum, yttrium, chromium, MCrAlY or an 



alloy mixture of any two or more of aluminium, platinum, 
yttrium, chromium or MCrAlY. 

[0033] The hollow cathode may comprises a plurality 
of longitudinally arranged portions, the portions com- 
5 prise different materials. 

[0034] The different materials may comprise two or 
more of aluminium, platinum, yttrium, chromium and 
MCrAlY. 

[0035] Preferably the apparatus comprises means to 
io supply at least one gas into the sputtering chamber and 
means to apply a negative voltage to the metallic article 
to produce a plasma to clean the surface of the metallic 
article before depositing the protective coating. 
[0036] Preferably the apparatus comprises means to 
is alternately apply the positive voltage and the negative 
voltage to the metallic article. 

[0037] The apparatus may comprise means to select 
the magnitude and the duration of the positive voltage 
applied to the metallic article so that the elements from 

20 the protective coaling diffuse into the metallic article. 
[0038] The apparatus may comprise means to select 
the magnitude and the duration of the positive voltage 
applied to the metallic article so that the elements from 
the metallic article diffuse into the protective coating. 

2S [0039] Preferably the apparatus comprises means to 
supply a reactive gas into the sputtering chamber to 
form a dispersion strengthened protective coating. 
[0040] Preferably the hollow cathode comprises one 
or more projections extending from the hollow cathode 

30 towards the metallic article. 

[0041] Preferably the length of the individual projec- 
tions and the spacing between the projections is ar- 
ranged to produce variations in the thickness of protec- 
tive coating at predetermined regions on the metallic ar- 

35 tide. 

[0042] Preferably some of the projections are formed 
from different materials to the remaining projections to 
produce variations in the composition of the protective 
coating at a predetermined region on the metallic article. 

40 [0043] A transverse portion of the hollow cathode may 
be formed from different materials to the remainder of 
the hollow cathode to produce a variation in the compo- 
sition of the protective coating at a predetermined region 
on the metallic article. 

45 [0044] Preferably the apparatus comprises a sputter- 
ing chamber having a second hollow cathode, the sec- 
ond hollow cathode comprising an inert material, means 
to supply precursor gases into the sputtering chamber, 
the precursor gases being suitable for forming a thermal 

50 barrier coating, means to apply a negative voltage to the 
hollow cathode to produce a plasma so that the precur- 
sor gases react in the plasma and deposit a thermal bar- 
rier coating on the protective coating. 
[0045] Preferably the apparatus comprises means to 

55 supply at least one gas into the sputtering chamber and 
means to apply a negative voltage to the metallic article 
to produce a plasma to clean the surface of the protec- 
tive coating before depositing the thermal barrier coat- 
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ing. 

[0046] Preferably the apparatus comprises mear.s to 
apply different negative voltages to the hollow cathode 
to produce layers in the thermal barrier coating. 
[0047] Preferably the means to supply reactive gases 
comprises a supply of zirconium chloride and yttrium 
chloride. 

[0048] Preferably the second hollow cathode is in a 
second sputtering chamber. 

[0049] Preferably the first and second sputtering 
chambers are connected by an air lock. 
[0050] Preferably the first and second hollow cath- 
odes are cylindrical. 

[0051] The present invention will be more fully de- 
scribed by way of example with reference to the accom- 
panying drawings in which:- 

[0052] Figure 1 shows a gas turbine engine turbine 
blade having a coating applied by a method according 
to the present invention. 

[0053] Figure 2 is a cross-sectional view through a 
coating applied by a method according to the present 
invention. 

[0054] Figure 3 is a cross -sectional view through an 
apparatus to deposit a coating by a method according 
to tho present invention. 

[0055] Figure 4 is a cross-sectional view in the direc- 
tion of Arrows A-A through the apparatus in figure 3, and 
[0056] Figure 5 is a graph of voltage applied to a sub- 
strate during a method according to the present inven- 
tion. 

[0057] Figure 6 is a cross-sectional viewthrough af ur- 
ther coating applied by a method according to the 
present invention. 

[0058] Figure 7 is a cross-sectional view through an- 
other coating applied by a method according to the 
present invention. 

[0059] Figure 8 is a cross-sectional view through an- 
other apparatus to deposit a coating by a method ac- 
cording to the present invention. 
[0060] A gas turbine engine turbine blade 10 s as 
shown in figure 1, comprises an aerofoil 12, a platform 
1 4 and a root 1 6. The aerofoil 1 2 of the turbine blade 1 0 
has a coating 20. 

[0061] The coating 20, as shown more clearly in figure 
2, comprises a bond coating 22, an oxide layer 24 and 
a ceramic thermal barrier coating 26. The bond coating 
22 may be an aluminide coating, a platinum aluminide 
coating, an MCrAiY coating or any two or more of these, 
for example a MCrAiY coating with a platinum aluminide 
between the MCrAiY coating and the turbine blade or a 
platinum aluminide coating with a MCrAiY coating be- 
tween the platinum aluminide coating and the turbine 
blado. Yttrium, chromium, and other beneficial elements 
may also be included in the aluminide coatings by pro- 
viding the elements in the inner wall. 
[0062] The oxide layer 24 comprises alumina to ad- 
here the ceramic thermal barrier coating 26 to the bond 
coating 22. 



[0063] The ceramic thermal barrier coating zirconia 
preferably comprises yttria stabilised zirconia, although 
other suitable ceramics may be used. The ceramic ther- 
mal barrier coating 26 comprises a plurality of columnar 
s grains 28 which extend substantially perpendicularly 
from the surface of the turbine blade 1 0. 
[0064] An apparatus for depositing the coating 20 is 
shown in figures 3 and 4. The apparatus comprises a 
vacuum chamber 30 which is evacuated by means of a 
10 vacuum pump (not shown) via an outlet port 32. The 
vacuum chamber 30 is supplied with various gases, at 
various times, from suitable supplies via an inlet port 34. 
A coiled pipe 36 is provided around the vacuum cham- 
ber 30, and the coiled pipe 36 is supplied with water to 
is cool the vacuum chamber 30. A cylindrical electrode 38 
is provided within the vacuum chamber 30 and the elec- 
trode 38 is electrically connected, via a wire 40, to a neg- 
ative terminal of an electrical power supply 42. The wire 
40 passes through the wall of the vacuum chamber 30 
^0 and is electrically insulated from the wall by an insulator 
44. Thus the cylindrical electrode forms a hollow cath- 
ode in operation when a negative potential is supplied 
to it from the power supply 42. 

[0065] The cylindrical electrode 38 comprises an in- 

25 ner wall 46 which is manufactured from a material to be 
deposited upon a turbine blade 10, or the inner wall 46 
is manufactured from a material which is relatively inert 
to gases supplied into the vacuum chamber 30. The cy- 
lindrical electrode 38 also comprises a hollow annular 

30 tank 48 which surrounds and is in intimate thermal con- 
tact with the inner wall 46. The hollow tank 48 is provided 
with an inlet pipe 50 and an outlet pipe 52 and the hollow 
tank 48 is supplied with water, form a supply of water 
(not shown) via the inlet pipe 50 to cool the cylindrical 

35 electrode 38. The used water is discharged from the hol- 
low tank 48 via the outlet pipe 52. The hollow tank 48 
allows water to be circulated against the inner wall 46 
of the hollow electrode 38 thereby cooling the cylindrical 
electrode 38. The inlet and outlet pipes 50 and 52 pass 

40 through the wall of the vacuum chamber 30 via insulated 
lead throughs 54 and 56 respectively. The cylindrical 
electrode 38 is mounted from the vacuum chamber 30 
by a support 58 which insulates the cylindrical electrode 
38 from the vacuum chamber 30. The vacuum chamber 

45 30 is earthed. 

[0066] A magnetic coil 60 is positioned coaxially 
around the cylindrical electrode 38 and is spaced radi- 
ally from the hollow lank 48. The magnetic coil 60 is elec- 
trically connected via electric cables 62 and 64 to an 

so electrical power supply (not shown) . The cables 62 and 
64 pass through the wall of the vacuum chamber 30 via 
insulated lead throughs 66 and 68 respectively. The 
magnetic coil 60 is surrounded by a second hollow an- 
nular tank 70 which is intimate thermal contact with the 
55 magnetic coil 60. The second hollow tank 70 is provided 
with an inlet pipe 72 and an outlet pipe 74 and the sec- 
ond hollow tank 70 is supplied with water, from a supply 
of water (not shown) via the inlet pipe 72, to cool the 
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magnetic coil 60. The used water is discharged from the 
second hollow tank 70 via the outlet pipe 74. The second 
hollow tank 70 allows water to be circulated around the 
magnetic coil 60. The inlet and outlet pipes 72 and 74 
pass through the wall of the vacuum chamber 30 via in- 
sulating lead throughs 76 and 78 respectively. 
[0067] The inner wall 46 of the cylindrical electrode 
38 as mentioned previously may be made from a mate- 
rial to be deposited onto the metallic article. In this case 
the inner wall 46 may be made in the form of separate 
plates of different materials which can be energised in- 
dependently to enable the composition of the coating to 
be varied. For example the inner wall 46 may be made 
of alternate plates of aluminium and platinum to deposit 
layers of aluminium and platinum to form a platinum alu- 
minide coating. 

[0068] The inner wall 46 of the cylindrical electrode 
38 may be made from an inert material so that reactive 
gases may be supplied into the cylindrical electrode 38 
to react either to deposit a coating on the metallic article 
1 0, or to react with undesirable elements on the metallic 
article 10 so as to clean the metallic article 10. If the 
inner wall 46 is made from an inert material a non reac- 
tive gas may be supplied into the cylindrical electrode 
38 to clean the metallic articlo 10. 
[0069] Thus the cylindrical electrode 38 may be made 
from plates of material to be deposited and plates of inert 
material all of which may be energised independently 
[0070] The inner wall 46 of the cylindrical electrode 
38 preferably comprises projections 108 which extend 
substantially radially towards the axis of the cylindrical 
electrode 38. The radial projections 108 enhance the 
plasma formed in the cylindrical electrode 38. 
[0071] The radial projections 108 may be arranged 
with uniform circumferential spacing between projec- 
tions 108 or may be arranged with different circumfer- 
ential spacing between projections 108. The use of ra- 
dial projections 1 08 with uniform circumferential spacing 
increases the coating rate and provides the correct plas- 
ma density. The radial projections 108 shown in figure 
4 are arranged with a larger circumferential spacing be- 
tween the projections 108 at the left hand side of the 
inner wall 46 than at the right hand side of the inner wall 
46. 

[0072] The radial projections 108 may be arranged 
with uniform radial lengths or may be arranged with dif- 
ferent radial lengths. The radial projections 108 may 
comprise the same, or a different material, to that of the 
inner wall 46. The radial projections 1 08 shown in figure 
4 are arranged with a larger radial lengths at the left 
hand side of the inner wall 46 than at the right hand side 
of the inner wall 46. 

[0073] The vacuum chamber 30 is provided with an 
opening 80 to enable articles to be loaded into the vac- 
uum chamber 30. The opening 80 is provided with a 
door 82 which is used to close and seal the opening 80. 
The door 80 as shown is secured to the vacuum cham- 
ber 30 by nuts 84 which are threaded onto studs 86 



placed around the opening 80. Alternatively, the door 
may be hinged to the vacuum chamber 30 and closed 
and sealed in other suitable ways. 
[0074] The metallic article, a turbine blade or a turbine 
s vane, 10 to be coated is placed in the cylindrical elec- 
trode 38 and the article 10 is electrically connected, via 
a wire 86, to a power supply 88. The wire 86 passes 
through the wall of the vacuum chamber 30 and is elec- 
trically insulated from the wall by an insulator 90. 

10 [0075] The inlet port 34 is connected to. gas bottles, 
or gas generators, 92, 94, 96 and 98 via valves 100, 
102, 104 and 106 respectively. The gas bottle, or gas 
generator, 92 contains argon to support the formation of 
a glow discharge, or plasma, in the vacuum chamber 

15 30. The gas bottle, or gas generator, 94 contains hydro- 
gen, or other suitable reactive or non reactive gas, to 
enable cleaning of the metallic article 1 0. The gas bottle, 
or gas generator, 96 comprises zirconium chloride, or 
other suitable gas which will react to form a ceramic ther- 

20 mal barrier coating. The gas bottle, or gas generator, 98 
contains yttrium chloride, or other suitable gas which will 
react to form a ceramic for incorporation in the ceramic 
thermal barrier coating formed by the reaction of the gas 
in gas bottle, or gas generator 96. 

25 [0076] In order to produce the coating 20, shown in 
figures 1 and 2, a bond coating 22 is firstly deposited 
onto the metallic article 10. To deposit the bond coating 
22, the inner wall 46 of the cylindrical electrode 38 com- 
prises one or more materials to be deposited on the me- 

30 tallic article 10. The inner wall 46 may comprise a 
number of plates of different materials or the inner wall 
may comprise an alloy or mixture of the different mate- 
rials, or the radial projections 108 and the inner wall 46 
may comprise different materials. For example to pro- 

35 duce a simple aluminide bond coating 22 the inner wall 
46 comprises only aluminium, to produce a simple plat- 
inum bond coating 22 the inner wall 46 comprises only 
platinum, and to produce a MCrAlY bond coating 22 the 
inner wall 46 comprises MCrAlY. To produce a platinum 

40 aluminide bond coating 22 the inner wall 46 comprises 
alternate plates of platinum and aluminium, or the inner 
wall 46 comprises an alloy or mixture of platinum and 
aluminium or the radial projections 108 comprise, plati- 
num and the inner wall 46 comprises aluminium or visa- 

45 versa. To produce a bond coating 22 comprising plati- 
num aluminide on MCrAlY the inner wall 46 comprises 
alternate plates of MCrAlY, platinum and aluminium. 
[0077] The vacuum chamber 30 is evacuated to a 
pressure of about 1 x 10 3 Torr and is heated to assist 

so in out-gassing the interior of the vacuum chamber 30. 
When the required pressure is reached, within the vac- 
uum chamber 30, an inert gas for example argon is sup- 
plied into the vacuum chamber 30 from the gas bottle 
92 via valve 100 and inlet port 34. The inert gas enables 

55 a glow discharge, or plasma, to be set up within the cy- 
lindrical electrode 38. Suitable pressures are in the 
range 5 x 10 1 to 1 x 10~ 3 Torr and suitable cylindrical 
electrode potentials are in the range of 300 to 900 volts. 
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[0078] The negative voltage on the cylindrical elec- 
trode 38 causes the material of the inner wall 46, or inner 
wall 46 and radial projections 108, to be sputtered onto 
the metallic article 10 to produce the bond coating 22. 
The voltage applied to the cylindrical electrode 38 may 
be varied to control the rate at which the material is sput- 
tered onto the metallic article 10. 
[0079] The voltage applied to the metallic article 10 
during the deposition of the bond coating 22 from the 
inner wall 46 of the cylindrical electrode 38 may be var- 
ied to control the bond coating 22. Thus, as shown in 
figure 5, as the bond coating 22 is deposited the voltage 
is varied periodically between a negative voltage V2 and 
a positive voltage V 1 . The negative voltage V 2 is applied 
to the metallic article 1 0 to cause ions, argon ions, to be 
attracted to the metallic article 10, and the ions bombard 
the surface of the bond coating 22 densifying the bond 
coating 22 and minimising or removing any defects in 
the bond coating 22. The positive voltage V 1 is applied 
to the metallic article 1 0 to cause electrons to be attract- 
ed to the metallic article 10 to heat the metallic article 
10 to produce inter-diffusion between the elements in 
the metallic article 1 0 and the elements in the bond coat- 
ing 22. 

[0080] The magnitude of the negative voltage V 2 and 
the time T 2 for which it is applied controls the effective- 
ness of the densification and the removal of any defects. 
The magnitude of the positive voltage NA, and the time 
T«, for which it is applied controls the effectiveness of the 
heating of the metallic article 10. Thus by appropriate 
selection of the voltages V, and V 2 and times T, and T 2 
appropriate densification may be produced and the type 
of bond coating 22 may be selected. If high heating ef- 
f ectiveness is selected the bond coating 22 is an inward 
diffusion type or if low heating effectiveness is selected 
the bond coating 22 is an outward diffusion type. 
[0081] The magnetic coil 60 is additionally used to 
control the number of electrons attracted to the metallic 
article 10. The magnetic field may be increased to de- 
crease the number of electrons attracted to the metallic 
article 10 to prevent overheating of the metallic article 
10 and to ensure that the required type of inter-diffusion 
of the elements between the metallic article 10 and the 
bond coating 22 is achieved. The magnetic field may be 
decreased to increase the number of electrons attracted 
to the metallic article 10 to increase heating and to en- 
sure that the required type of inter-diffusion of the ele- 
ments between the metallic article 1 0 and the bond coat- 
ing 22 is achieved. 

[0082] If the bond coating 22 is not a simple bond 
coating the metallic article 10 may be moved axially in 
the cylindrical electrode 38 so that it is within the appro- 
priate plate for the material to be deposited. 
[0083] Thus one of the advantages of the invention is 
that the method of the present invention both deposits 
the bond coating, minimises defects and inter-diffuses 
the elements of the bond coating and metallic article in 
one process. Another advantage of the invention is that 



it obviates the requirement tor the standard pack alu- 
minising or vapour aluminising processes which use 
aluminium halides as carriers for the aluminium and the 
subsequent heat treatment steps. 
s [0084] The radial projections 108 generally enhance 
the plasma field between the projections 108 leading to 
high a high deposition rate of material from the radially 
inner ends of the projections 108. However, if the cir- 
cumferential spacing between the radial projections 1 08 
io js below a predetermined value the plasma is not en- 
hanced. The radial projections 1 08 at the right hand side 
of figure 4 are closer together than those at the left hand 
side so that there is no enhancement of the plasma at 
the right hand side of the cylindrical electrode 38. This 
is results in deposition of thicker bond coatings 22 at that 
side of the metallic article 1 0 compared to the other side. 
The radial projections 108 at the left hand side of the 
inner wall 46 are longer resulting in deposition of thicker 
bond coatings 22 at that side of the metallic article 10 
20 compared to the other side. 

[0085] Another advantage of the invention is that the 
thickness of the bond coating at different regions of the 
metallic article may be controlled by the projections. For 
example the concave surface and the leading edge of 
25 the turbine blade may be provided with a thicker bond 
coating. A further advantage is that the composition of 
the bond coating at different regions of the metallic ar- 
ticle may be controlled by the projections. For example 
the concave surface and the leading edge of the turbine 
30 blade may be provided with a platinum aluminide coat- 
ing and the remainder may be provided with an alumi- 
nide coating. 

[0086] It may also be possible to introduce a reactive 
gas into the vacuum chamber 30 during the deposition 
35 of the bond coating 22, for example oxygen may be in- 
troduced if the bond coating 22 contains yttrium such 
that the yttrium oxidises to form yttria in the bond coating 
22. This is known as an oxide dispersed bond coating. 
[0087] Then the ceramic thermal barrier coating 28 is 
40 deposited onto the bond coating 22. To deposit the ce- 
ramic thermal barrier coating 22, the inner wall 46 of the 
cylindrical electrode 38 comprises an inert material. The 
vacuum chamber 30 is evacuated to a pressure of about 
1 x 10 -3 Torr and is heated to assist in out-gassing the 
45 interior of the vacuum chamber 30. When the required 
pressure is reached within the vacuum chamber 30 an 
inert gas for example argon is supplied into the vacuum 
chamber 30 from the gas bottle 92 via valve 100 and 
inlet port 34. The inert gas enables a glow discharge, or 
so plasma, to be set up within the cylindrical electrode 38. 
Suitable pressures are in the range 5 x 10" 1 to 1 x 10" 3 
Torr and suitable cylindrical electrode potentials are in 
the range of 300 to 900 volts. 

[0088] Suitable reactive gases, zirconium chloride 
ss and another gas to react with the zirconium chloride, are 
supplied from gas bottle 96 via valve 104 and inlet port 
34 into the vacuum chamber 30. The plasma within the 
cylindrical electrode 38 promotes reaction of the gases, 
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and a zirconia ceramic thermal barrier coating 26 is de- 
posited onto the bond coating 22. An oxide layer 24 is 
produced on the bond coating 22 while the metallic ar- 
ticle 10 is in the vacuum chamber 10 and is being evac- 
uated and heated up to operating temperature due to 
the presence of some oxygen in the vacuum chamber 
10. 

[0089] If desirable an additional suitable reactive gas, 
yttrium chloride, may be supplied from gas bottle 98 via 
valve 98 and inlet port 34 into the vacuum chamber 10. 
The plasma within the cylindrical electrode 38 promotes 
reaction of the gases, zirconium chloride, yttrium chlo- 
ride and another gas to react with the zirconium chloride 
and yttrium chloride, and a yttria stabilised zirconia ce- 
ramic thermal barrier coating 26 is deposited onto the 
bond coating 22. 

[0090] An advantage of the method of the present in- 
vention is that the ceramic thermal barrier coating is de- 
posited at relatively low temperatures compared to con- 
ventional chemical vapour deposition. 
[0091] The ceramic thermal barrier coating 26 depos- 
its on the bond coating 22 as columnar ceramic grains 
28 which grow perpendicularly to the surface of the bond 
coating 22 and the surface of the metallic article 10. 
[0092] It may be desirable to vary the magnitude of 
the negative voltage applied to the cylindrical electrode 
38 so as to produce layers in the ceramic thermal barrier 
coating 26 which have different structures. The interfac- 
es between the layers reduce the phonon and or photon 
thermal conductivity of the ceramic thermal barrier coat- 
ing 26 by appropriate selection of the thickness of the 
layers. A thickness of 0.3 to 2 nanometres reduces pho- 
non thermal conductivity and a thickness of 0.5 to 3 mi- 
crons reduces photon thermal conductivity. 
[0093] Before the ceramic thermal barrier coating 26 
is deposited on the bond coating 22 it may be desirable 
to supply hydrogen or other suitable gases into the vac- 
uum chamber 30 from the gas bottle 94 via the valve 
1 00 and the inlet port 34. The argon and hydrogen form 
a plasma to clean the surface of the bond coating 22, 
for example the hydrogen reacts with sulphur to form 
hydrogen sulphide. Sulphur is a very undesirable ele- 
ment as regards thermal barrier coatings 26. 
[0094] Before the bond coating 22 is deposited it may 
be desirable to supply hydrogen or other suitable gases 
into the vacuum chamber 30 from the gas bottle 94 yja 
the valve 100 and the inlet port 34. The argon and hy- 
drogen form a plasma to clean the surface of the bond 
coating 10, for example the hydrogen reacts with sul- 
phur to form hydrogen sulphide. Sulphur is a very unde- 
sirable element as regards thermal barrier coatings. 
[0095] A further coating 1 20 produced by the present 
invention is shown in figure 6, this simply comprises a 
protective coating 122 on the metallic article 10. The 
protective coating 1 22 may be an aluminide coating, a 
chromium coating, a platinum coating, a platinum alu- 
minide coating, an MCrAlY coating, an aluminide-sili- 
cide coating or any two or more of these, for example a 



MCrAlY coating with a platinum aluminide coating be- 
tween the MCrAlY coating and the turbine blade, or a 
platinum aluminide coating with a MCrAlY coating be- 
tween the platinum aluminide coating and the turbine 
5 blade. Yttrium, chromium and other desirable elements 
may be provided in the aluminide coatings by providing 
them in the inner wall. 

[0096] Another coating 1 30 produced by the present 
invention is shown tn figure 7, this simply comprises an 

10 oxide layer 1 32 on the metallic article 1 0 and a ceramic 
thermal barrier coating 1 34 on the oxide layer 132. The 
oxide layer 132 comprises alumina to adhere the ceram- 
ic thermal barrier coating 26 to the metallic article 10. 
[0097] The ceramic thermal barrier coating 1 34 com- 

15 prises zirconia preferably comprises yttria stabilised zir- 
conia, although other suitable ceramics may be used. 
The ceramic thermal barrier coating 1 34 comprises a 
plurality of columnar grains 136 which extend substan- 
tially perpendicularly from the surface of the turbine 
blade 10. 

[0098] The method of the present invention may be 
performed in a single vacuum chamber by selecting the 
inner wall of the cylindrical electrode of the appropriate 
material for the particular process step. 
[0099] Alternatively the method of the present inven- 
tion may be performed using a number of vacuurrrcham- 
bers 30 A and 30B, as shown in figure 8 each of which 
has a cylindrical electrode 38A and 38B respectively. 
The cylindrical electrode 38A and 38B in each vacuum 
chamber 30A and 30B respectively is of made from the 
appropriate material for one particular process step and 
the metallic article 10 is moved sequentially from vacu- 
um chamber 30A to the vacuum chamber 30B. The vac- 
uum chambers 30A and 30B are preferentially connect- 
ed by an air lock 140 to minimise the processing time. 
Vacuum chamber 30A is used to deposit the bond coat- 
ing 22 and vacuum chamber 30B is used to deposit the 
thermal barrier coating 26. 

[0100] A further alternative method is to provide the 
inner wall of the cylindrical electrode with axially sepa- 
rate plates. Each plate is made from the appropriate ma- 
terial for one particular process step and the article 
moved longitudinally, axially, sequentially through the 
cylindrical electrode from one plate to another and the 
plates are energised sequentially. 
[0101] Although the invention has been described 
with reference to cylindrical hollow cathode electrodes 
with circular cross-sections, it may of course be possible 
to use hollow cathode electrodes of other suitable cross- 
sections, for example square cross-sections. 



Claims 

55 1. A method of applying a coating (22) to a metallic 
article (10) comprising providing a sputtering cham- 
ber (30) having a first hollow cathode (38), the first 
hollow cathode (38) comprising a material to form 
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a protective coating (22), placing the metallic article 
(10) within the first hollow cathode (38), evacuating 
the sputtering chamber (30), applying a negative 
voltage to the first hollow cathode (38) to produce 
a plasma and such that the material of the hollow s 
cathode (38) is sputtered onto the metallic article 
(1 0) to produce the protective coating (22), applying 
a positive voltage to the metallic article (10) to at- 
tract electrons from the plasma to heat the protec- 
tive coating (22) and so inter-diffuse the elements 10 
of the metallic article (10) and the protective coating 
(22), and applying a negative voltage to the metallic 
article (10) to attract ions from the plasma to bom- 
bard the protective coating (22) to minimise defects 
in the protective coating (22). is 

2. A method as claimed in claim 1 wherein the hollow 
cathode (38) material comprises aluminium, plati- 
num, yttrium, chromium, MCrAlY or an alloy mixture 
of any two or more of aluminium, platinum, yttrium, 20 
chromium or MCrAlY. 

3. A method as claimed in claim 1 wherein the hollow 
cathode (38) comprises a plurality of longitudinally 
arranged portions, the portions comprise different 2s 
materials, passing the metallic article sequentially 
through the hollow cathode portions to deposit lay- 
ers of different material sequentially on the metallic 
article (10). 

30 

4. A method as claimed in claim 3 wherein the different 
materials comprise two or more of aluminium, plat- 
inum, yttrium, chromium and MCrAlY. 

5. A method as claimed in any of claims 1 to 4 com- 35 
prising the additional step of supplying at least one 
gas (94) into the sputtering chamber (30) and ap- 
plying a negative voltage to the metallic article (10) 
to produce a plasma to clean the surface of the me- 
tallic article (10) before depositing the protective 40 
coating (22) 

6. A method as claimed in any of claims 1 to 5 com- 
prising alternately applying the positive voltage and 
the negative voltage to the metallic article (1 0). 45 

7. A method as claimed in claim 6 comprising select- 
ing the magnitude and the duration of the positive 
voltage applied to the metallic article (10) so that 
the elements from the protective coating (22) dif- so 
fuse into the metallic article (10) . 

8. A method as claimed in claim 6 comprising select- 
ing the magnitude and the duration of the positive 
voltage applied to the metallic article (10) so that ss 
the elements from the metallic article diffuse (10) 
into the protective coating (22). 



9. A method as claimed in any of claims 1 to 8 com- 
prising supplying a reactive gas into the sputtering 
chamber to form a dispersion strengthened protec- 
tive coating. 

10. A method as claimed in any of claims 1 to 9 wherein 
the hollow cathode (38) comprises one or more pro- 
jections (108) extending from the hollow cathode 
(38) towards the metallic article (10). 

11. A method as claimed in claim 10 comprising select- 
ing the length of the individual projections (108) 
and/or the spacing between the projections (1 08) to 
produce variations in the thickness of protective 
coating (22) at predetermined regions on the metal- 
lic article (10). 

12. Amethodasclaimedinclaimll comprising forming 
some of the projections (108) from different materi- 
als to the remaining projections (108) to produce 
variations in the composition of the protective coat- 
ing (22) at a predetermined region on the metallic 
article (1 0). 

13. A method as claimed in any of claims 1 to 12 com- 
prising forming a transverse portion of the hollow 
cathode (38) from different materials to the remain- 
der of the hoi low cathode (38) to produce a variation 
in the composition of the protective coating (22) at 
a predetermined region on the metallic article (10). 

14. A method of applying a coating as claimed in any 
of claims 1 to 1 3 comprising the additional steps of 
providing a sputtering chamber (30B) having a sec- 
ond hollow cathode (38B), the second hollow cath- 
ode (38B) comprising an inert material, supplying 
precursor gases (96,98) into the sputtering cham- 
ber (30B), the precursor gases being suitable for 
forming a thermal barrier coating (26), applying a 
negative voltage to the hollow cathode (38B) to pro- 
duce a plasma so that the precursor gases react in 
the plasma and deposit a thermal barrier coating 
(26) on the protective coating (22). 

15. A method as claimed in claim 14 additionally com- 
prising supplying at least one gas into the sputtering 
chamber (30B) and applying a negative voltage to 
the metallic article (1 0) to produce a plasma to clean 
the surface of the protective coating (22) before de- 
positing the thermal barrier coating (26). 

16. A method as claimed in claim 1 4 or claim 1 5 wherein 
the reactive gases comprise zirconium chloride and 
yttrium chloride to deposit a yttria stabilised zirconia 
thermal barrier coating (26) on the protective coat- 
ing (22). 

17. A method as claimed in any of claims 1 to 16 where- 
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in the metallic article (10) comprises a nickel super- 
alloy, a cobalt superalloy or an iron superalloy. 

1 8. A method as claimed in any of claims 1 to 1 7 where- 
in the metallic article (10) comprises a turbine blade 5 
or a turbine vane. 

19. A method of applying a coating (134) to a metallic 
article (10) comprising the steps of providing a sput- 
tering chamber (30B) having a hollow cathode io 
(38B), the hollow cathode (38B) comprising an inert 
material, supplying precursor gases (96,98) into the 
sputtering chamber (30B), the precursor gases be- 
ing suitable for forming a thermal barrier coating 
(134), applying a negative voltage to the hollow ?5 
cathode (38B) to produce a plasma so that the pre- 
cursor gases react in the plasma and deposit a ther- 
mal barrier coating (1 34) on the metallic article (10). 

20. A method as claimed in claim 19 additionally com- 20 
prising supplying at least one gas (94) into the sput- 
tering chamber and applying a negative voltage to 
the metallic article ( 1 0) to produce a plasma to clean 
the surface of the metallic article (10) before depos- 
iting the thermal barrier coating (1 34). 25 

21. A method as claimed in claim 19 or claim 20 wherein 
the reactive gases comprise zirconium chloride and 
yttrium chloride to deposit a yttria stabilised zirconia 
thermal barrier coating (1 34) on the metallic article 30 
(10). 

22. A method as claimed in any of claims 1 9 to 21 com- 
prising applying different negative voltages to the 
hollow cathode (38B) to produce layers in the ther- 35 
mal barrier coating (1 34) which have different struc- 
tures. 

23. A method as claimed in any of claims 19 to 22 
wherein the metallic article (1 0) comprises a nickel 40 
superalloy, a cobalt superalloy or an iron superalloy. 

24. A method as claimed in any of claims 19 to 23 
wherein the metallic article (10) comprises a turbine 
blade or a turbine vane. 45 

25. An apparatus (30) for applying a coating to a metal- 
lic article (1 0) comprising a sputtering chamber (30) 
having a first hollow cathode (38), the first hollow 
cathode (38) comprising a material to form a pro- so 
tective coating (22), means (32) to evacuate the 
sputtering chamber (30), means (42) to apply a neg- 
ative voltage to the first hollow cathode (38) to pro- 
duce a plasma and such that the material of the hol- 
low cathode (38) is sputtered onto the metallic arti- ss 
cle (10) to produce the protective coating (22), 
means (88) to apply a positive voltage to the metal- 
lic article (10) to attract electrons from the plasma 



to heat the protective coating (22) and so inter-dif- 
fuse the elements of the metallic article (1 0) and the 
protective coating (22), and means (88) to apply a 
negative voltage to the metallic article (10) to attract 
ions from the plasma to bombard the protective 
coating (22) to minimise defects in the protective 
coating (22) . 

26. An apparatus as claimed in claim 25 wherein the 
hollow cathode (38) material comprises aluminium, 
platinum, yttrium, chromium, MCrAlY or an alloy 
mixture of any two or more of aluminium, platinum, 
yttrium, chromium or MCrAlY. 

27. An apparatus as claimed in claim 25 wherein the 
hollow cathode (38) comprises a plurality of longi- 
tudinally arranged portions, the portions comprise 
different materials. 

28. An apparatus as claimed in claim 27 wherein the 
materials comprise two or more of aluminium, plat- 
inum, yttrium, chromium and MCrAlY. 

29. An apparatus as claimed in any of claims 25 to 28 
comprising means (34,94) to supply at least one 
gas into the sputtering chamber (30) and :means 
(88) to apply a negative voltage to the metallic arti- 
cle (1 0) to produce a plasma to clean the surface of 
the metallic article (10) before depositing the pro- 
tective coating (22). 

30. An apparatus as claimed in any of claims 25 to 29 
comprising means (88) to alternately apply the pos- 
itive voltage and the negative voltage to the metallic 
article (1 0) . 

31. An apparatus as claimed in claim 30 comprising 
means to select the magnitude and the duration of 
the positive voltage applied to the metallic article 
(10) so that the elements from the protective coating 
(22) diffuse into the metallic article (10). 

32. An apparatus as claimed in claim 30 comprising 
means to select the magnitude and the duration of 
the positive voltage applied to the metallic article 
(10) so that the elements from the metallic article 
(10) diffuse into the protective coating (22). 

33. An apparatus as claimed in any of claims 25 to 32 
comprising means (34) to supply a reactive gas into 
the sputtering chamber (30) to form a dispersion 
strengthened protective coating. 

34. An apparatus as claimed in any of claims 25 to 33 
wherein the hollow cathode (38) comprises one or 
more projections (108) extending from the hollow 
cathode (38) towards the metallic article (10). 
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35. An apparatus as claimed in claim 34 comprising ar- 
ranging the length of the individual projections (108) 
and/or the spacing between the projections (1 08) to 
produce variations in the thickness of protective 
coating (22) at predetermined regions on the metal- 
lic article (10). 



18 

first and second sputtering chambers (30A.30B) are 
connected by an air lock (140). 

5 



36. An apparatus as claimed in claim 35 comprising 
forming some of the projections (108) from different 
materials to the remaining projections (108) to pro- io 
duce variations in the composition of the protective 
coating (22) at a predetermined region on the me- 
tallic article (10). 

37. An apparatus as claimed in any of claims 25 to 36 is 
comprising forming a transverse portion of the hol- 
low cathode (38) from different materials to the re- 
mainder of the hollow cathode (38) to produce a var- 
iation in the composition of the protective coating 
(22) at a predetermined region on the metallic arti- 20 
cle(10). 



38. An apparatus as claimed in any of claims 25 to 37 
comprising a sputtering chamber (30B) having a 
second hollow cathode (38B), the second hollow 2s 
cathode (38B) comprising an inert material, means 
(34,96,98) to supply precursor gases into the sput- 
tering chamber (38B), the precursor gases being 
suitable for forming a thermal barrier coating, 
means (42) to apply a negative voltage to the hollow 30 
cathode (38B) to produce a plasma so that the pre- 
cursor gases react in the plasma and deposit a ther- 
mal barrier coating (26) on the protective coatinq 
(22). 

35 

39. An apparatus as claimed in claim 38 comprising 
means (34,94) to supply at least one gas into the 
sputtering chamber (30B) and means to apply a 
negative voltage to the metallic article (10) to pro- 
duce a plasma to clean the surface of the protective 40 
coating (22) before depositing the thermal barrier 
coating (26). 



40. An apparatus as claimed in claim 38 or 39 compris- 
ing means (42) to apply different negative voltages 45 
to the hollow cathode (38B) to produce layers in the 
thermal barrier coating (26) . 

41. An apparatus as claimed in claim 38, claim 39 or 
claim 40 wherein the means to supply reactive gas- so 
es comprises a supply (96,98) of zirconium chloride 
and yttrium chloride. 

42. An apparatus as claimed in any of claims 38 to 41 
wherein the second hollow cathode (38B) is in a ss 
second sputtering chamber (30B). 

43. An apparatus as claimed in claim 42 wherein the 
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